Long-baseline neutrino oscillation sensitivity with Theia I}

Guang Yang' , Michael Wilking?, Elizabeth Worcester'-2 on behalf of the Theia collaboration

1.Stony Brook University, 2. Brookhaven National Lab

Backqground reduction

PMNS trix: = Ve) =Py 2 Ve) = « at we measure Precut Ratios .
( \ma (“" () P(IVQA)AP,(Vl o What S 20— - BDT has been used for the background reduction for
v ‘5% %o o %€ Vi meigh Sin2(4—2']i"?z~*‘fzs§s“ e Sonall S 5.8 each i-ring j-decay sample (i from 1-3, j from 0-1).
U —5.5,CHE"  CuCpy = 5555,€° €Sy || Vs e 1 2AL ;i;(&'nf;’ -L_]fc;sgsz i =523 P —— o &l - T2K-like fully contained fiducial volume cuts have
is i3 b B __ 4 = 4E ) > - i -
\V/ 3% TRttt TInthn TGt Gl /\Vs v | AL (AmILY 1 e=  What we want | 0.4| been.appl'ed ?s pre cuts.
| —8——sin ( i )Smégsananszacmz Ll - Variables with FiTQun after the pre-cuts:
- A non-zero ©., has been measured. A= 2VBGnE = T6x 105V L 3! . SreEes-wcia.l/ - vertex, distance to wall, direction
- Different appearance probability between A and anti-Aindicates the CP phase. c-o=23¢ - pi0 fit momenta, likelihood, angle, mass
- FoRCayRetos - _ | - 1-ring fit: momenta, likelihood
Thela detector 5 o === | - 2-ring fit: kinematics, differences between the best
Theia has proposed two possible T 0. e 1—zmis | fitlikelihoods of each combination (e-like or pi-like)
: o : - 3-ring fit: similar to the 2 ring case, with alli
masses of 25 kt and 100 kt with : , ) R
features: °-3 possible differences between the best fit likelihood of
- large-scale water-based liquid 3_0; . - 3 each combination (e-like and pi-like) |
T e 5 = E £ ¢ & = & - Energy-dependent BDT cuts are applied to the
: “ - Reco E.. (GeV)
om  Theia25 - Advanced photo-sensor samples after the pre-cuts.

technology with improvements in

18m time resolution, light collection, ; Soectrum: 1 g, 1 4
g o v, Spectrum: 1 ring, 0 decay Ve Spectrum: 1 ring, ecay
spatial granularity etc. % O el Cegering ——Seraie8a.5,20 || B . F Normal Ordering —seami,-o | - There are totally 9
. S 180 70-kt (fiducial) WCD —— signal +Bg, 5, =90 || o '°[70-kt (fiducial) WeD —— Signal + Bg, 5, = 90° . .
l o - Multiple complementary and & 160/ 3.5 years v _ Signai +Bg 0, =007 N 160535 years v —semivnas,-oc]  S@AMpPlEs included in the
5 2 140 [ ]v.ccBg 2 140 [ Jv.ccBg R
advanced reconstruction 33 v N Bo g b [ Jv.Nesg sensitivity study.
techniques o3 — oL . - FHC:
. . : : o - 1-ring, 0 or 1-decays
Neutrino detection and reconstruction “; “ _ 2-rings, 0 or 1-decays
TR T e oS e ————=  _ 3-rings, 0 or 1-decays
Neutrino Energy (GeV) ) Neutrino Energy (GeV) I
- Main neutrino interaction channels at GeV: . cop T opectium: 1 ing, 0 decey | Ly e - RHC:
. ) . § - orma. r .erm o ::g:::+:9,chjzoo E E Pra— L Signal+Bg:8::=90° o
- CC(_QE. A, O decay.electrons ; A\ typically 1 decay electron g sof 1ok (e e el @ 505_;:5';:;; ) wep — s ) 1-r!ng, 0-decay
-CC + :1,2o0r 3rings; A, 1 decay electron ; A, 2 decay £ wf o g wr e - 2-rings, 0-decay
electrons = 30%— :’B:amuve+VeBg “ 303_ [ ] Beamv,+v,Bg - 3_rings, O_decay
-NC ™ : NC 0 can be mis-ided as an electron; NC "+ can be sof L 20F-
mis-ided as either >or e. " ol@% - Full set of spectra:
- As a reconstruction package, FiTQun is now exclusively used for R it e S S St s S PRSI SO Eur Phys. J. C 80, 416
s : ’ o uiring Energy (569 _ e (2020).https://doi.org/10.11
a" T2K OSC'“ at'on an a'ys|s _ CP Violation Sensitivity - Mass Ordering Sensitivity ‘ .
0 g a S CP Violation Sensitivity Theia 70 kt [ Mass Ordering Sensitivity —— Theia 70 kt 40/ep|C/810052020'7977-8
-For any hypothesis of final state particles, predict the charge and Normal Ordering TS [ Normal Ordering e ST -

hit recorded by every PMT - The CP and mass

hierarchy sensitivities with

-FiTQun can handle any number of reconstructed tracks in a 25 kt (fiducial) Theia
the water detector : e = module are comparable to
-Event hypotheses are distinguished by comparing best-fit sE R a 10 kt (fiducial) DUNE
likelihoods. Q -0.8 -0.6 -0.4 -0.2 ‘o 0.2 0.4 0.6 0.8 1 ‘31 080604050 020408608 1 module.

Ocp/TC Ocp/T

R guang.yang.l@stonybrook.edu


http://www.facebook.com/pages/PosterPresentationscom/217914411419?v=app_4949752878&ref=ts
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8
https://doi.org/10.1140/epjc/s10052-020-7977-8

